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ABSTRACT

On December 19, 2008, the U.S. Food and Drug Admin-
istration approved imatinib mesylate tablets for oral use
(Gleevec�; Novartis Pharmaceuticals Corporation,
East Hanover, NJ) for the adjuvant treatment of adult
patients following complete gross resection of Kit�

(CD117�) gastrointestinal stromal tumor (GIST).
A randomized, double-blind, placebo-controlled

study enrolling 713 patients was submitted. The pri-
mary objective of the clinical trial was to compare the
recurrence-free survival (RFS) intervals of the two
groups. Overall survival (OS) was a secondary end-
point. Eligible patients were >18 years of age with a his-
tological diagnosis of GIST (Kit�), resected tumor size
>3 cm, and a complete gross resection within 14 –70
days prior to registration. Imatinib, 400 mg orally, was
administered once daily for 1 year.

The study was terminated after completion of the

third protocol-specified interim analysis. At that time,
100 RFS events were confirmed by a blinded central in-
dependent review. With a median follow-up of 14
months, 30 RFS events were observed in the imatinib
group and 70 were observed in the placebo group (haz-
ard ratio, 0.398; 95% confidence interval, 0.259–0.610;
two-sided p-value < .0001). OS results are immature.

Most patients in both groups experienced at least one
adverse reaction, and 31% of the imatinib group and
18% of the placebo group experienced grade >3 ad-
verse reactions. The most frequently reported adverse
reactions (>20%) were diarrhea, fatigue, nausea,
edema, decreased hemoglobin, rash, vomiting, and ab-
dominal pain. Drug was discontinued for adverse reac-
tions in 17% and 3% of the imatinib and placebo-
treated patients, respectively. The Oncologist 2010;15:
300–307

INTRODUCTION

Imatinib mesylate has been proven to be highly efficacious
for the treatment of advanced/metastatic gastrointestinal
stromal tumors (GISTs) [1–3] and, based on early studies,

for the adjuvant treatment of GIST patients who have had
complete gross resection of their primary neoplasms [4, 5].

The present report summarizes a large, double-blind,
placebo-controlled, phase III trial to demonstrate the effi-
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cacy of imatinib adjuvant treatment of adult patients fol-
lowing complete gross resection of Kit� (CD117�) GISTs.
The primary objective of the clinical trial was to compare
the recurrence-free survival (RFS) times of the two groups.
Overall survival (OS) was a secondary endpoint.

PATIENTS AND METHODS

A single, phase III, randomized, double-blind study of ad-
juvant imatinib at 400 mg/day for 1 year versus matched
placebo for 1 year in patients who had complete gross re-
section of their primary GIST was conducted by the Amer-
ican College of Surgeons Oncology Group. There were 234
study sites in the U.S. and Canada. The first patient was en-
rolled on July 31, 2002, and enrollment continued until
April 12, 2007.

The primary study objective was to determine whether
patients with resected primary GISTs who were random-
ized to the imatinib arm had a longer recurrence-free sur-
vival (RFS) interval than patients randomized to the
placebo arm. Comparison of OS was a secondary endpoint.
Scientific correlative analyses of tumor tissue and blood
were also planned.

Major inclusion/exclusion criteria included: male or fe-
male, �18 years of age, having given informed consent, an
Eastern Cooperative Oncology Group performance status
score �2, a histologic diagnosis of primary GIST (without
peritoneal or distant metastasis) expressing Kit protein by
immunochemistry and with a tumor size �3 cm in the max-
imum dimension, complete gross resection (i.e., including
R0 [negative microscopic margins] and R1 [positive micro-
scopic margins] resections) of the primary GIST within 70
days prior to registration, negative postoperative radiologic
studies, appropriate laboratory values, a negative preg-
nancy test, no postoperative cancer therapy, no active infec-
tion, and no New York Heart Association class 3 or 4
cardiac disease.

Randomization was stratified according to tumor size
(�3 cm and �6 cm, �6 cm and �10 cm, �10 cm). A ran-
domization error occurred over a 6-month period from No-
vember 14, 2003 to May 18, 2004, resulting in 60 patients
apparently being assigned to the placebo arm without pro-
ceeding through the intended 1:1 randomization. In an at-
tempt to correct the imbalance between arms, the treatment
assignment program was reset from May 19, 2004 to June 9,
2004 at a 4:1 ratio favoring imatinib over placebo (11 pa-
tients). The intent-to-treat (ITT) population included all pa-
tients who were registered to the study prior to and
including April 12, 2007, except the 60 patients who were
unintentionally wrongly assigned because of a randomiza-
tion system error. The safety population also excluded the

60 patients who were unintentionally wrongly assigned be-
cause of a system error.

The study was reviewed by the data monitoring com-
mittee every 6 months from August 2003 for safety and
from June 2006 for efficacy also. All available patient data
with regard to radiological, operative, and local pathology
reports were included in the review, including records fol-
lowing the April 12, 2007 data cutoff. Prespecified statisti-
cal boundaries were employed at each efficacy interim
analysis (IA) so that the trial could be stopped early for fu-
tility or for exceptional superiority of imatinib. The results
of the third efficacy IA, including all information available
up to January 22, 2007, led to the unblinding of the study on
April 12, 2007. Upon unblinding of the study, patients still
receiving placebo were eligible to cross over to 1 year of
imatinib.

To assess the robustness of the analyses performed on
the RFS endpoint, supportive sensitivity analyses were con-
ducted with RFS adjusted for prognostic factors, with back-
dating of recurrence to a scheduled visit, with censoring at
the last adequate assessment, with backdating to a midpoint
of scheduled visits, with recurrence by definitive scan or bi-
opsy, with recurrence by biopsy, with recurrence by inves-
tigator visit, by case report form documented recurrence,
and with recurrence on the interim ITT population using the
January 22, 2007 cutoff. The data for many of these analy-
ses were obtained from the central independent medical re-
view process.

RESULTS

The ITT population comprised 359 patients randomized to
imatinib and 354 patients randomized to placebo. Table 1
summarizes the demographic characteristics of the study
population and Table 2 summarizes the disease character-
istics of the study population.

Thirty RFS events were noted in the imatinib treatment
group and 70 events were noted in the placebo treatment
group. There was a highly significant overall difference in
the RFS probability estimate by first documented recur-
rence in favor of the imatinib group (overall hazard ratio
[HR], 0.398; 95% confidence interval, 0.259–0.610; two-
sided p-value � .0001). Figure 1 illustrates the Kaplan–
Meier estimate of RFS by first documented recurrence in
the ITT population. The median RFS follow-up time for the
ITT population was 14.0 months.

Sensitivity analyses on RFS were highly consistent with
all statistical tests except one, showing significance at the
two-sided level with p-values � .0001; only the analysis of
RFS based on biopsy was slightly above, with p � .0002.
The analysis based on biopsies reduced the power because
one third of the recurrences were not confirmed by biopsy.
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The HRs from all analyses were in the range of 0.304 –
0.398.

Of the 30 patients with events in the imatinib group, 25
recurred and five died as a result of causes other than GIST
without prior recurrence. Of the 25 patients who recurred in
the imatinib group, only two recurred while on treatment or
within 30 days following the last dose; all others recurred
�30 days following withdrawal from treatment. In con-
trast, of the 70 patients with events in the placebo group, 62
recurred and remained alive at the cutoff date, seven re-
curred and subsequently died, and one died without prior
recurrence.

The greatest therapeutic effect of imatinib was seen
while on treatment up to 1 year following randomization.
During this period, only six events were observed, com-
pared with 51 events observed on placebo. Of the six
events, two (discontinuation of imatinib treatment) were
because of adverse events (AEs), two were because of death
without recurrence, one was because of study ineligibility
(c-KIT�), and one patient experienced a recurrence. The
difference between the groups then decreased over time.

OS results are immature, with five deaths in the imatinib
arm and eight deaths in the placebo arm.

At the time that the study was terminated, patients who
were still receiving placebo (i.e., patients who were ran-
domized �1 year from study termination) were eligible to
cross over to imatinib treatment. Patients who had been ran-
domized prior to April 1, 2006 and who had therefore al-
ready completed the treatment phase by April 1, 2007 were
not offered imatinib treatment.

SAFETY

Patients received either 400 mg imatinib or placebo orally
once daily. If an AE occurred, the study medication could
be interrupted and restarted at either 300 mg or 400 mg, as
specified in the study protocol. The percentage of patient
who took, on average, less than the protocol-planned
400-mg dose per day was higher in the imatinib group, at
18% (61 patients), versus 4% (13 patients) in the placebo
group. Accordingly, the average daily doses were 387 � 41
mg in the imatinib group and 397 � 20 mg in the placebo
group.

The median exposure to treatment was comparable be-
tween the treatment groups, at 11.1 months for imatinib and
11.5 months for placebo. The duration of imatinib exposure
was 0 months to �1 month for 6.5% of patients, 3 months to

Table 1. Patient demographics

Variable
Imatinib
(n � 359)

Placebo
(n � 354)

Total
(n � 713)

Age (yrs)

Mean � SD 57.9 � 12.94 58.3 � 12.56 58.1 � 12.75

Median 59.0 58.0 58.0

Age group, n (%)

�70 yrs 295 (82.2) 297 (83.9) 592 (83.0)

�70 yrs 64 (17.8) 57 (16.1) 121 (17.0)

Gender, n (%)

Female 189 (52.6) 163 (46.0) 352 (49.4)

Male 170 (47.4) 191 (54.0) 361 (50.6)

Race, n (%)

White 290 (80.8) 271 (76.6) 561 (78.7)

Black or African-American 42 (11.7) 48 (13.6) 90 (12.6)

Native Hawaiian or other Pacific islander 1 (0.3) 2 (0.6) 3 (0.4)

Asian 20 (5.6) 24 (6.8) 44 (6.2)

American Indian or Alaska native 0 0 0

Other 1 (0.3) 0 1 (0.1)

Unknown 5 (1.4) 9 (2.5) 14 (2.0)

Ethnicity, n (%)

Hispanic or Latino 14 (3.9) 16 (4.5) 30 (4.2)

Non-Hispanic 312 (86.9) 317 (89.5) 629 (88.2)

Unknown 33 (9.2) 21 (5.9) 54 (7.6)

Abbreviation: SD, standard deviation.
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�6 months for 14.5% of patients, 6 months to �9 months
for 9.2% of patients, 9 months to �11 months for 3.9% of
patients, and �11 months for 52.5% of patients.

Most patients in both treatment groups experienced at
least one AE during the treatment period (98.8% who re-
ceived imatinib and 91.0% who received placebo) (Table
3). The gastrointestinal system was the most frequently af-
fected system organ class in both treatment groups, in 90%

of patients in the imatinib group and 70% of patients in the
placebo group. Periorbital and peripheral edema were re-
ported for 47% and 27% of patients in the imatinib and pla-
cebo groups, respectively. AEs of grade �3 were reported
in 104 imatinib-treated patients (31%) and in 63 patients in
the placebo group (18%) (Table 3).

No unexpected AEs that were not previously known for
imatinib were observed.

Table 2. Disease characteristics

Variable
Imatinib
(n � 359)

Placebo
(n � 354)

Total
(n � 713)

Performance status score, n (%)

0, asymptomatic and fully active 281 (78.3) 265 (74.9) 546 (76.6)

1, symptomatic, fully ambulatory 74 (20.6) 81 (22.9) 155 (21.7)

2, symptomatic, ambulatory 4 (1.1) 8 (2.3) 12 (1.7)

Time since resection of primary GIST (days)

Mean � SD 54.5 � 13.61 55.3 � 13.95 54.9 � 13.78

Median 57.0 59.0 58.0

Range 20–74 15–96 15–96

�50 days 134 (37.3) 118 (33.3) 252 (35.3)

51–70 days 220 (61.3) 228 (64.4) 448 (62.8)

�71 days 5 (1.4) 8 (2.3) 13 (1.8)

Location of tumor, n (%)

Stomach 209 (58.2) 234 (66.1) 443 (62.1)

Small intestine 2 (0.6) 4 (1.1) 6 (0.8)

Rectum 5 (1.4) 5 (1.4) 10 (1.4)

Other 141 (39.3) 111 (31.4) 252 (35.3)

Unknown 2 (0.6) 0 2 (0.3)

Tumor size, n (%)

3 cm to �6 cm 143 (39.8) 149 (42.1) 292 (41.0)

6 cm to �10 cm 123 (34.3) 119 (33.6) 242 (33.9)

�10 cm 93 (25.9) 86 (24.3) 179 (25.1)

Resection margins, n (%)

R0 325 (90.5) 330 (93.2) 655 (91.9)

R1 34 (9.5) 23 (6.5) 57 (8.0)

Unknown 0 1 (0.3) 1 (0.1)

Tumor size 3 cm to �6 cm, n (%)

Resection margins, R0 131 (36.5) 142 (40.1) 273 (38.3)

Resection margins, R1 12 (3.3) 6 (1.7) 18 (2.5)

Unknown 0 1 (0.3) 1 (0.1)

Tumor size 6 cm to �10 cm, n (%)

Resection margins, R0 114 (31.8) 111 (31.4) 225 (31.6)

Resection margins, R1 9 (2.5) 8 (2.3) 17 (2.4)

Tumor size �10 cm, n (%)

Resection margins, R0 80 (22.3) 77 (21.8) 157 (22.0)

Resection margins, R1 13 (3.6) 9 (2.5) 22 (3.1)

Abbreviation: GIST, gastrointestinal stromal tumor.
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Fifty-seven patients in the imatinib group stopped treat-
ment early because of AEs, compared with 11 patients in
the placebo group.

DISCUSSION

Adjuvant treatment of patients with malignant disease dif-
fers from the treatment of advanced/metastatic disease in
that a percentage of the former patients are cured by surgi-
cal resection of their malignancy. Those patients experi-
ence toxicity but no therapeutic benefit from additional
treatment.

If possible, therefore, it is important to more precisely
define the subset of patients who will derive the most ben-
efit from treatment. GIST may serve as a paradigm for this
strategy. The discovery of constitutive Kit (and later plate-
let-derived growth factor � [PDGFA]) activation as the
central mechanism of GIST pathogenesis [6, 7] suggested
that inhibiting or blocking Kit and/or PDGFA signaling
might be an important GIST treatment strategy. Indeed,
imatinib mesylate inhibits kinase activity of both these mol-
ecules and represents the standard-of-care front-line drug
for the treatment of unresectable and metastatic GISTs [1].

More recent data, from patients with advanced/meta-
static GISTs, suggest that the site of the KIT gene mutation
may affect the outcome of imatinib treatment. The most
common KIT gene mutation occurs in exon 11, followed by
exon 9 mutations [8]. The rate of response in patients with
KIT exon 11 mutated GISTs is significantly higher than that
in patients with KIT exon 9 mutated or wild-type genotype
[9]. In addition, patients with PDGFRA exon 18 mutation
D842V are resistant to imatinib therapy, whereas those with

mutation D842Y are sensitive [10, 11]. These data, if sup-
ported by future studies, may better define the resected
GIST population who should receive adjuvant imatinib
therapy.

Clinical prognostic variables have also been de-
scribed. A GIST workshop, convened by the National In-
stitutes of Health in 2001, defined the risk for aggressive
clinical course by tumor size in the largest dimension and
tumor mitotic count per 50 high power fields (HPF). Tu-
mor size was classified as �2 cm, 2–5 cm, 5–10 cm, and
�10 cm. Tumors �2 cm with mitotic counts �5 were
classified as very low risk, whereas tumors 2–5 cm with
mitotic counts �5 were classified as low risk [12]. Inves-
tigators at The Armed Forces Institute of Pathology eval-
uated 1,765 patients with gastric GISTs and 906 patients
with jejunal or ileal GISTs for additional clinical prog-
nostic factors. For gastric GISTs, tumor location in the
fundus or gastroesophageal junction, coagulative necro-
sis, ulceration, and mucosal invasion were unfavorable
factors (p � .001), whereas tumor location in the antrum
was favorable (p � .001) [13]. For GISTs of the jejunum
or ileum, outcome was strongly dependent on tumor size
and mitotic activity, with an overall tumor mortality
twice that for gastric GISTs. As with gastric GISTs, tu-
mors �5 cm with �5 mitoses/50 HPF rarely metasta-
sized whereas all other categories of tumor size and
mitotic rate had moderate to high rates of metastasis [14].
Unfortunately, in the current report, the tumor size clas-
sification schema was different and mitotic rate was not
determined.

The patient population entered into this trial was prog-

Patients at risk
Imatinib:
Placebo: 354 243 186 138 89 57 34 19  8   1

359 258 207 166 105  60  33  23   5

Imatinib 400mg    o=censored
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Figure 1. Recurrence-free survival.
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Table 3. Adverse reactions, regardless of relationship to study drug

Preferred term

All CTC grades CTC grade >3

Imatinib
(n � 337) %

Placebo
(n � 345) %

Imatinib
(n � 337) %

Placebo
(n � 345) %

Diarrhea 59.3 29.3 3.0 1.4

Fatigue 57.0 40.9 2.1 1.2

Nausea 53.1 27.8 2.4 1.2

Periorbital edema 47.2 14.5 1.2 0

Hemoglobin decreased 46.9 27.0 0.6 0

Peripheral edema 26.7 14.8 0.3 0

Rash (exfoliative) 26.1 12.8 2.7 0

Vomiting 25.5 13.9 2.4 0.6

Abdominal pain 21.1 22.3 3.0 1.4

Headache 19.3 20.3 0.6 0

Dyspepsia 17.2 13.0 0.9 0

Anorexia 16.9 8.7 0.3 0

Weight increased 16.9 11.6 0.3 0

Liver enzymes (ALT) increased 16.6 13.0 2.7 0

Muscle spasms 16.3 3.3 0 0

Neutrophil count decreased 16.0 6.1 3.3 0.9

Arthralgia 15.1 14.5 0 0.3

WBC decreased 14.5 4.3 0.6 0.3

Constipation 12.8 17.7 0 0.3

Dizziness 12.5 10.7 0 0.3

Liver enzymes (AST) increased 12.2 7.5 2.1 0

Myalgia 12.2 11.6 0 0.3

Blood creatinine increased 11.6 5.8 0 0.3

Cough 11.0 11.3 0 0

Pruritus 11.0 7.8 0.9 0

Weight decreased 10.1 5.2 0 0

Hyperglycemia 9.8 11.3 0.6 1.7

Insomnia 9.8 7.2 0.9 0

Lacrimation increased 9.8 3.8 0 0

Alopecia 9.5 6.7 0 0

Flatulence 8.9 9.6 0 0

Rash 8.9 5.2 0.9 0

Abdominal distension 7.4 6.4 0.3 0.3

Back pain 7.4 8.1 0.6 0

Pain in extremity 7.4 7.2 0.3 0

Hypokalemia 7.1 2.0 0.9 0.6

Depression 6.8 6.4 0.9 0.6

Facial edema 6.8 1.2 0.3 0

Alkaline phosphatase increased 6.5 7.5 0 0

Dry skin 6.5 5.2 0 0

Dysgeusia 6.5 2.9 0 0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTC, Common Terminology Criteria.
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nostically heterogeneous. In order to identify the patient
groups most likely to benefit from adjuvant treatment as op-
posed to those who are unlikely to benefit, subset analyses
of clinical and laboratory risk factors predictive of recur-
rence are critical. Hopefully future subgroup analyses of
this trial will address this issue.

Another feature of the current report that deserves
comment is the shape of the RFS curve. The greatest
therapeutic effect of imatinib is seen during the 1-year
treatment period. The RFS difference between the
groups then decreases over time, so that by 48 months the
imatinib and placebo curves come together. A possible
explanation for this outcome is that imatinib is cytostatic
rather than cytotoxic. Evidence to support this hypothe-
sis comes from imatinib therapeutic results in advanced/
metastatic GIST patients, for whom complete remissions
occur in only 0%–5% of treated patients and partial re-
sponses/stable disease occur in about 80% [1]. This is un-
like the results of imatinib treatment of newly diagnosed
chronic myeloid leukemia, for which complete hemato-
logic response occurs in 97% of treated patients and
complete cytogenetic response occurs in 76% [15].
Moreover, Liu and colleagues demonstrated that ima-
tinib induces GIST tumor cell quiescence (withdrawal
from the cell cycle) through the CDH1-SKP2-p27KIP1

signaling axis [16]. Whether a longer duration of admin-

istration of imatinib would increase apoptosis and cyto-
toxicity remains to be determined. Pertinent in this
regard are preliminary results of a French Sarcoma
Group trial in which patients with metastatic GISTs are
being randomized to 1 year, 3 years, or 5 years of ima-
tinib therapy. Although the continued and discontinued
treatment groups are small, it was observed that, irre-
spective of imatinib treatment duration, there was near
universal disease progression during the first year after
imatinib discontinuation. Further, there was nearly com-
plete disease control following reinstitution of imatinib
therapy, and the OS times are comparable for all patient
groups [17–19].
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